Abstract:
INTRODUCTION
Albumin is the most abundant plasma protein in humans. It is synthesized in liver, consists of 585 amino acid residues folded into three homologous domains. Albumin is synthesized in the form of preproalbumin, from which an N-terminal peptide is removed converting it to proalbumin, which is released from the rough endoplasmic reticulum. Proalbumin, then, gets cleaved in the golgi vesicles to produce the secreted albumin [1] . On virtue of metal binding properties of albumin, metal ions are found to bind to a wide variety of sites, but the commonest one is N-terminus, comprising the sequence N-Asp-Ala-His-Lys [2] . Under ischemic conditions, it has been observed that there is reduced binding to Co 2+ at this terminus and this modified albumin molecule is termed as Ischemia Modified Albumin (IMA). Because of this property, IMA acts as an early marker for myocardial ischemia [1] . The mechanism put forward for this modification of albumin includes production of free radicals on ischemia-reperfusion, which are strong oxidative compounds and affect the N-terminal portion of albumin [3] . Also there is substantial mobilization of iron and copper into the coronary flow immediately following prolonged cardiac ischemia which might also be responsible for this phenomenon [4] .
Albumin is the most important and abundant plasma protein synthesized by the liver. A variety of posttranscriptional changes occur in the molecular structure of albumin producing different isoforms, IMA being one of them. IMA is now an upcoming biomarker as can be used to detect a number of clinical conditions associated with ischemia and oxidative stress. On changing to IMA, albumin molecule loses its physiological properties, hence, the ratio of IMA to albumin (IMAR) may prove to be more informative. The proportion getting modified to IMA will depend upon the ischemic stress the albumin molecule is subjected to [5] .
Besides myocardial ischemia, other clinical conditions with an associated element of ischemia due to any reason have also shown elevated levels of IMA e.g pre-eclampsia, pregnancy, diabetic nephropathy, gastrointestinal or cerebral ischemia, intracranial haemorrhage, systemic sclerosis, and end stage renal disease etc [6 -12] . Skeletal muscle ischemia has also been reported to lead to an increase in levels of IMA but these have been reported in marathon runners [13] , after moderate and intense endurance training [14] or in experimentally induced forearm ischemia [15] . No reports could be found in literature to comment on the effect of short term moderate physical activity in athletes on the levels of IMA before and after exercise.
MATERIALS AND METHODS
This study was conducted in the Department of Biochemistry, Pt. BD Sharma University of Health Sciences, Rohtak in collaboration with Department of Physical Education, Maharshi Dayanand University, Rohtak. For this, 120 sportspersons undergoing different athletic training programs under this department were enrolled. All the subjects were healthy, were not on any kind of drug treatment or supplements. The subjects suffering from any kind of acute illness or with family history of any chronic illness were excluded from the study as ascertained by detailed history. Blood pressure, weight, height and waist circumference of all the subjects were recorded and Body Mass Index (BMI) was calculated using the formula weight/height 2 and expressed as Kg/m 2 . After collection of random blood sample in a plain vacutainer (Becton-Dickinson, Oxford, United Kingdom), each subject was asked to undergo moderate exercise/ physical activity in the form of running on the racing track of 400m for a period of 30 minutes. Another blood sample was collected after completion of this moderate exercise program. All the samples were centrifuged and serum samples were analyzed for IMA and routine biochemistry investigations including glucose, liver function tests, renal function tests and cholesterol. Routine biochemistry parameters including total albumin were estimated on autoanalyzer (Rx Suzuka, United Kingdom) using kits by Randox. IMA was estimated by colorimetric method using dithiothreitol and expressed as Absorbance Units (ABU) [16] .
The results were compiled and analyzed using paired 'Student's t-test' and taking a value of p < 0.05 as significant.
A written informed consent was obtained from each subject and all the ethical issues were duly taken care of as per existing guidelines.
RESULTS
All the athletes were young adults with a mean age of 17.5 ± 3.06 years with the age range of 18-23years. All of them were studying in different colleges affiliated under the University. The male to female ratio was 11:1 with there being 10 females and 110 males. All were undergoing athletic training for a duration ranging from 6 months to 3 years. The mean height of the subjects was 170 ± 7.15 cm and mean weight was 57.25 ± 7.54 Kg while mean BMI was found to be 19.5 ± 1.96 Kg/m 2 . The mean waist circumference was recorded to be 74.15 ± 3.6 cm. All the subjects were nonsmokers and non-alcoholic in nature. Forty eight subjects (40%) were vegetarian and rest 72 (60%) were nonvegetarians. The past history and family history were uneventful for all of them. The serum levels of serum albumin, IMA and their ratio IMA/ albumin (IMAR) have been shown in Table 1 . Serum IMA along with IMAR was found to be significantly increased after physical activity (p = 0.005 and 0.000 respectively). All the athletes had biochemical parameters and blood pressure within the normal range and no statistically significant difference was observed between pre and post-exercise levels (p > 0.05) ( Table 2) . 
DISCUSSION
In the present study, IMA was found to be significantly raised in athletes after moderate exercise (p = 0.005). Exercise leads to some metabolic and physiologic changes in skeletal muscles bringing about ischemia like conditions [17] . IMA is a proven early cardiac marker of myocardial ischemia but it is not specific for cardiac tissue only [15] . Any tissue undergoing ischemic condition, may lead to modification of albumin to IMA. This change is associated with hypoxia, acidosis and free radical damage caused by ischemia which may alter the ability of three amino acids (aspartate, alanine, and histidine) at the N-terminus of albumin to bind free metal atoms, including cobalt [18] .
Similar results have been observed by other authors under surgically induced ischemic conditions including major arterial surgical procedure [19] and orthopedic surgeries [3] . The short duration physical activity model should be most suitable for observing its effect on IMA based on the short time kinetics observed for increase in its levels. The levels increase within minutes of an episode of ischemia and return to baseline in no longer than 12 hours [15] . Therefore, long duration ischemia as seen in marathon runners does not appear to be appropriate to investigate the effect of ischemia on IMA levels. In a study on marathon runners, the significant increase in IMA levels was observed after 24-48 hours but immediately post-race, the levels were found to be within the reference range. The researchers ruled out the origin of IMA being myocardial tissue by cardiac troponin T and attributed this rise to either gastrointestinal or skeletal muscle ischemia [13] . In a study on cyclists and skiers after high endurance training, the subjects were observed to demonstrate significantly higher IMA levels in high workload training only as compared to healthy but sedentary controls. No significant change was observed in the levels of cardiac troponin T ruling out the component of myocardial ischemia in these subjects too [14] .
There are few studies in literature which report a decrease in IMA levels immediately after exercise. They attributed it to an increase in total albumin due to hemoconcentration as well as to transport increased fatty acids available. This produces an increased cobalt binding masking the altered binding properties of IMA [20, 21] .
In the present research, total albumin was found to be increased but not statistically significantly after moderate physical activity as compared to levels before it. To normalize the effect of albumin levels, the ratio of IMA to albumin (IMAR) was calculated and was found to be significantly increased in these athletes after running than the levels before physical activity (p = 0.000). Increased IMA levels in pre-eclampsia were found to be associated with increased IMAR in other studies carried out in diverse medical conditions [22, 23] . Regular physical activity has a variety of health benefits decreasing the overall mortality but contracting skeletal muscles generate free radicals resulting in oxidative damage to cellular constituents. Moreover, the associated lactic acidosis also may be involved in conversion of albumin to IMA [24] .
CONCLUSION
It may be concluded that skeletal muscle ischemia associated with moderate physical activity leads to increased production of IMA. Thus, IMA, which was earlier thought to be an early cardiac marker for myocardial ischemia only, may be used as a marker of ischemia in other tissues also. This knowledge may help to understand the molecular and physiological changes associated with exercise in a better way.
CURRENT AND FUTURE DEVELOPMENTS
IMA is an established marker for cardiac ischemia and helps in detecting myocardial infarction at a very early stage. But recently, it has been found to be useful in the detection of other ischemic conditions in the body. This research indicates towards association of skeletal muscle ischemia even with moderate exercise and may open avenues for further research in this direction and may help in better understanding of the physiology of exercise with future implications.
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